The karyotype asymmetry/ symmetry of three species of Aloe i.e. A.vera, A. indica and A. ferox was evaluated by eight different methods-TF%, As K%, Stebbins classifi cation, Rec and Syi, A 1 and A 2 , A, DI and AI and also elucidated the relationship between the species. Among all the methods, Stebbins classifi cation found to be less sensible than quantitative parameters. TF%, the Syi, As K%, A 1 , DI and A indices were unable to express correct parameters to study karyotype asymmetry on the basis of the variation in centromeric position. A 2 (interchromosomal asymmetry) index was correctly described karyotype asymmetry on the basis of variation in chromosome length. AI (Asymmetry index) proved to be the most suitable method used to elucidate karyotype asymmetry. Scattered diagrams of correlations among the indices seems to be the best suited to draw overall quantitative relationship and displayed relationship among species with respect to karyotype asymmetry. Signifi cant correlations among AI-DI, A 1 -A 2 , Syi-Rec and CV CL -CV CI tried to describe the variation among centromeric position in a chromosome complement at 0.05 and 0.01 levels. The A 1 index, CV CI and CV CL have indicated the minor karyotype variations. These methods assessed and analyzed the karyotype asymmetry in chromosome set and compared the karyotypes to related taxa and draw the relationship among closely related species.
INTRODUCTION
Aloe is known as lily of desert, nature's gift, plant of immortality and medicine plant. It is cultivated due to its medicinal and economical importance (CARTER 1994) . About 500 species are distributed all over the world and widely cultivated in tropical and subtropical regions. It belongs to a group of monocots and characterized with succulent leaf, infl orescences in bunches, perennial and fl owers liliformes as morphological attributes. In India, Aloe is mainly cultivated in many places of west-south region. Earlier karyological data have been used to evaluate the numerical changes in chromosomes of Aloe species. The concept of symmetry vs asymmetry has been proposed on the basis of predominance of metacentric and submetacen-tric chromosomes of approximately same size. Whereas increasing asymmetry has been related to shift of centromeric position from median/ submedian to terminal/subterminal or through and differences in the relative size between the chromosome of the complement, thus making karyotype more heterogeneous. Since long, classifi cation of STEBBINS (1971) has been frequently used as qualitative method for assessing karyotype asymmetry and describing the typical relationships between different taxa, which recently followed by SEIJO and FERNANDEZ 2003 in Lathyrus and HE et al. 2004 between Davidia involucrata and Camptotheca acuminata. The investigations based on seven methods revealed the separation of different karyotype asymmetry and parameters of the broad intervals used by STEBBINS, explaining only one quantitative parameter (PASZKO 2006) . Recently, cytogenetical studies have been used as taxonomic information complementary to biochemical, molecular, morphological and anatomical studies. Earlier studies suggested that Aloe has great potential of chromosomal stability due to the presence of bimodal constant karyotype, n=7 with eight large and six small chromosomes (SAPRE 1978; VIJ et al. 1980; TAKAHASHI et al. 1997; BRANDHAM and DOHERTY 1998) . By the karyotype analysis, determination of the chromosomal alterations and DNA variation has been proposed (SINGH 2003) and these variations have been used to the evaluation of plant species (SHAN et al. 2003) . Very few studies of Aloe were made in terms of karyotypic asymmetry.
The present study was taken to observe the karyotype asymmetry/ symmetry among the species of Aloe. For this purpose asymmetry indices were studied for better knowledge of karyological attributes of these species. Recently, eight different methods have been used to draw the karyotype asymmetry or symmetry are as follows: TF % (Total form percent) index, As K % index, Syi-Rec indices, A 1 -A 2 indices, A index, AI index, DI index and Stebbins classifi cation (PASZKO 2006) . All methods considered as quantitative methods of expression except Stebbins classifi cation (qualitative method of expression). Fundamentally Stebbins classification (1971) has been used frequently for assessing karyotype asymmetry and to establish karyotypic relationship between different taxa for e.g. Lathyrus (SEIGO and FERNÁNDAZ 2003; HE et al. 2004) . Scientists have developed a variety of methods for analyzing karyotype asymmetry in chromosome sets. Therefore, validity and sensitivity of methods have been used to assess karyotype and draw the relationship between the present taxa of Aloe.
MATERIAL AND METHOD
The species of plant Aloe: A. vera and A. ferox were collected from different localities of Eastern India and A. indica has been released by National Botanical and Plant Genetic Resources, ICAR, New Delhi which is popularly cultivated in India and maintained in the botanical garden of Banaras Hindu University, Varanasi (India). The chromosomal analysis was carried out following the methodology established by FUKUI and NAKAYAMA (1996) . 5-10 root tips of all three species were pretreated with 0.02% colchicine solution for 2 h then fi xed in Carnoy (3:1 absolute ethanol-glacial acetic acid) for 24 h and stored in ethanol 70% v/v at 4˚C until use. For the preparation of slides, each root tip was washed with distilled water for 10 min and then treated with 1N HCl for 5-10 min. After repeated washing with distilled water, stained with aceto-orcein (2% w/v) for fi ve minutes and then squashed. Approximately 1000 number of cells were observed for the assessment of number, size and morphology of the chromosome was carried out by the microscopic observation of meristamatic cells of root tip to differentiate among species and idiograms were drawn. Statistical analysis was carried out by using SPSS 10.
For the study of the karyotype variations the following parameters were used: (1) Shortest (SC) and longest (LC) chromosome length; (2) ratio of longest to shortest chromosome (LC/ SC); (3) mean and median of long arm length (p); (4) mean and median of short and total chromosome length (CL); (5) percentage of chromosomes with an arm ratio of more than 2:1; (6) mean centromeric index (CI= length of short arm/ total chromosome length× 100); and (7) karyotype formula (Table 2) . A number of concepts were introduced to determine the karyotype asymmetry vs symmetry i.e. the Stebbins classifi cation, TF%, As K%, the Rec and Syi indices, the A 1 and A 2 indices, the DI index, the AI index and A index have been applied to access the karyotype asymmetry. According to STEBBINS (1971) twelve categories for karyotype asymmetry have been reported among them only ten were known to higher plants and the degree of difference were emphasized with respect to the largest and smallest chromosome of the complement (A-C) as well as four degree (1-4) decided by the proportion of chromosomes with arm ratio more than 2:1 ( Table 1) .
The Total form percent (TF%) has been proposed by HUZIWARA (1962) and it was used to evaluate the karyotype symmetry/asymmetry and the karyotypic relationship between species (COSTA and FORNÍ-MARTINS 2003) . where n= number of analyzed chromosome, CLi= length of each chromosome, LC= longest chromosome. For the analysis of the intrachromosomal asymmetry index (A 1 ) and interchromosomal asymmetry index (A 2 ) were also introduced to establish karyotype asymmetry (ROMERO-ZARCO 1986) .
where q i is mean length of short arms and p i for long arms in every homologous chromosome pair or group; n is the number of homologous chromosome pairs; S CL is the standard deviation and X CL is the mean chromosome length. Karyotype asymmetry has also been determined by A index (WATANABE et al. 1999 
where p and q are the length of a long arm and short arm of chromosome respectively, n is the number of homologous chromosome pairs. The measurement of the heterogeneity of chromosome length and centromeric position has also been defi ned by Asymmetry index (AI) (ARANAO and SAITO 1980) :
where S CL and X CL are the standard deviation of chromosome length and mean chromosome length, respectively; S CI is the standard deviation of centromeric index and X CI is the mean centromeric index. It was expressed as the product of relative variation in chromosome length (CV CL ) and the relative variation in centromeric index (CV CI ).
Dispersion index (DI) proposed by LAVANIA and SRIVASTAVA (1999) as the ratio of centromeric gradient (CG) with respect to the coeffi cient of variation of chromosome length (CV). DI was calculated from:
Median length of short arm CG = × 100 Median length of chromosome
where S CL is the standard deviation of chromosome length and X CL is the mean chromosome length.
RESULTS
The study is based on three species of Aloe, maintaining n = 7 chromosomes (Figure 1 and 2). The karyotype formula as well as respective idiograms (Figure 3 ) obtained and the parameters analyzed are summarized in Table 2 . All the species exhibited variation in chromosome length. The observed value of mean total chromosome length of complement ( Figure 2) in A. vera (10.42 µm) and A. indica (10.46 µm) were found comparatively lesser than that of A. ferox (12.72 µm). It was supported by measuring the mean length of long arms of complements (Figure 2) , which was studied minimum in A. vera (8.10 µm) and maximum in A. ferox (10.16 µm) and the same pattern was maintained in case of mean length of short arms that showed highest in A. ferox (2.55 µm) followed by A. vera (2.31 µm) and A. indica (2.16 µm) whereas A. vera is observed with highest level of variation (25.6) of centromeric index was observed. The karyotype formulae (6S m + 8S t ) was common for A. vera and A. indica and (4S m + 10S t ) for A. ferox. In case of A.vera, secondary constrictions distribution were observed in L 1 and L 4 pair of homologous chromosomes while in case of A. indica secondary constrictions were present on L 1 and L 2 pairs followed by A. ferox on L 2 chromosome pair ( Figure 3) .
Karyotype asymmetry was accessed by eight different methods (Table 3) . Among these, one was qualitative classifi cation and seven quantitative indices were considered. The analysis of index formulae and association between quantitative indices and karyotype characteristics (LC/SC, CL, and CI) reveals differences among them (Table 2) . Five indices TF%, Syi, As K%, A 1 and A have been used to evaluate the variation in centromeric position in chromosome complement. The As K% index has perfect negative correlation with TF% and Syi is positively correlated with all parameters except Rec. Although none of these fi ve indices contains relative standard deviation or coeffi cient of variation, therefore relationship between studied species is undependable. Two indices Rec and A 2 assessed the variation of chromosome length in a complement, which adequately assessed the relative variation in chromosome length and showed negative correlation with above parameters. Rec index refl ected negative correlation with length and showed close relationship with CI index (Table 4 ). The DI index has been taken for evaluation of karyotype asymmetry but could not correctly assess the variation in centromeric position. According to STEBBINS the karyotype asymmetry of complement is determined by only four methods-Stebbins classifi cation, Rec and Syi indices, A 1 and A 2 as well as dispersion index (DI). Relationship between species based on four methods is shown in Figure 4 , which showed the degree of asymmetry. The remaining methods TF%, As K% and A index showed almost perfect positive and negative correlation with Syi index (Table 4 ). The relative variation in centromeric position in a chromosome set was assessed and A. vera is characterized by the highest value of CV CI followed by A. ferox and A. indica. According to Stebbins the karyotype asymmetry of complement is determined by the variation in chromosome length and variation in centromeric position. By using the combination of four methods-Stebbins classifi cation (1971), Rec and Syi indices (GREILHURBER and SPETA 1976) , A 1 and A 2 indices (ROMERO-ZARCO 1986) and dispersion index (DI) (LAVANIA and SRIVAS-TAVA 1992) showed the variation in chromosome morphology and karyotype asymmetry. A new type of karyotype asymmetry index AI proposed as the preferable asymmetry karyotype (ARANO and SAITO 1980) . DI index gave a broad measurement but could not indicate about asymmetry of a particular karyotype. A 1 index gets higher in A. vera and it was comparatively lower in A. ferox followed by A. indica. The A 1 value as well as scattered diagram based on CV CL and CV CI displayed relationship among species with respect to karyotype asymmetry (Figure 4 , Table 3 ).
DISCUSSION
Karyotype analysis of Aloe showed that all species contains equal diploid chromosome number n = 7 (Figure 1) . The morphological features of the chromosomes were mostly 8 large and 6 small in size, predominantly with submedian, median and subterminal centromere (Figure 2) . According to results obtained A. vera and A. indica showed a relationship on the basis of LEVAN et al. (1964) and the parameters of studied Aloe species: SC-the shortest chromosome length; LC-the longest chromosome length; p-mean and median length of long arm; q-mean and median length of short arm; CL-mean and median length of chromosome; CI-mean centromeric index; sm-submetacentric, st-subtelocentric chromosomes; SE-standard error. karyotype formula (6S m +8S t ) and other parameters with homogenous karyotypes, whereas A. ferox has been considered to have heterogeneous karyotypes with karyotype formula 4S m +10S t with more subtelocentric and telocentric chromosomes and distinguished from other two species. Karyotype asymmetry was also explained by shifting of the centromeric position from median to subterminal or through differences in relative size between individual chromosomes. According to the evaluation of centromeric position A. ferox was found to be asymmetric. For this, fi ve indices-TF%, the Syi, the As K%, the A 1 and the A were used to evaluate the variation in centromere position in a chromosome complement. TF% has a perfect negative correlation with two indices: As K% and A. A index also has negative correlation with Syi index, so these indices inadequately demonstrated the relationship among the species. Syi has shown perfect positive correlation with As K% and TF%. As K% and A had positive correlation. These methods tried to describe the variation of centromeric position in chromosome complement. The karyotype asymmetry of A. ferox was supported by the negative correlation between TF% and As K%, A (Table 4 ). These fi ndings described the relative variation in the length of chromosomal length and relative variation in centromeric index. A negative correlation of A 1 with LC/SC indicated the higher heterogeneity of chromosome length/ centromeric index in studied karyotype. As A 1 index gets higher in A. indica and A. ferox indicate karyotype asymmetry and lower value in A. vera assessed greater symmetry. However A 1 value can not directly used for the purpose of increasing asymmetry because it depends on shift of centromeric position from median to submedian or terminal to subterminal and differences in relative size between chromosomes of the complement. The A 1 value and scattered diagram based on CV CL and CV CI assessed the overall classifi cation strength and displayed relationship among species with subject to karyotype asymmetry. As far as cytogenetical interpretation is concerned the variation in the length of chromosomal arms as well as the number and position of secondary constrictions in the species studied, might be the result of reciprocal translocations and/or non-reciprocal as well as possible deletions terminals with loss of chromosome fragments that involving these constrictions. The chromosomal variability among the species had also described by karyotype het-erozygous and homozygous idea and this could be a pattern of evolution (BRANDHAM 1971) . The chromosomal rearrangements in Aloe species can established at population level indicate an adaptation, may be due to mutations, chromosomal deletions and paracentric inversions in response to the changing environment (ADAMS et al. 2000) . It was found diffi cult to draw positive conclusion using Stebbins classifi cation (qualitative method). Although it is original and old method but measurement variables have been marked as rank variable. It allowed a calculation on nominal data and counted the frequency of each value of variables. Therefore, it is diffi cult to advocate that category 3A is higher than category 1C. Thus, these indices together precise the results in comparison to present existing method and elucidated the relationships even between closely related species.
